Abscesses are a classic host response to infection by many pathogenic bacteria. The immunopathogenesis of this tissue response to infection has not been fully elucidated. Previous studies have suggested that T cells are involved in the pathologic process, but the role of these cells remains unclear. To delineate the mechanism by which T cells mediate abscess formation associated with intra-abdominal sepsis, the role of T-cell activation and the contribution of antigen-presenting cells via CD28-B7 costimulation were investigated. T cells activated in vitro by zwitterionic bacterial polysaccharides (Zps) known to induce abscess formation required CD28-B7 costimulation and, when adoptively transferred to the peritoneal cavity of naïve rats, promoted abscess formation. Blockade of T-cell activation via the CD28-B7 pathway in animals with CTLA4Ig prevented abscess formation following challenge with different bacterial pathogens, including Staphylococcus aureus, Bacteroides fragilis, and a combination of Enterococcus faecium and Bacteroides distasonis. In contrast, these animals had an increased abscess rate following in vivo T-cell activation via CD28 signaling. Abscess formation in vivo and T-cell activation in vitro required costimulation by B7-2 but not B7-1. These results demonstrate that abscess formation by pathogenic bacteria is under the control of a common effector mechanism that requires T-cell activation via the CD28-B7-2 pathway.
Abscess formation is a distinct pathological response to certain bacterial pathogens. In clinical situations, the development of abscesses associated with intra-abdominal sepsis causes chronic illness and can be fatal in infected patients. Bacteroides fragilis is the most commonly isolated anaerobic bacterium isolated from these cases (23) . Studies with rodent models have shown that the ability of B. fragilis to cause these infections is mainly attributable to the presence of a unique capsular polysaccharide (CP) on this organism (22) . Intraperitoneal implantation of a monomicrobial culture of B. fragilis or its purified capsular polysaccharide, PS A, in conjunction with sterile cecal contents promotes abscess formation (37) . Abscess induction by PS A is dependent on the presence of positively and negatively charged groups associated with its repeating unit structure. Structurally distinct polymers that possess this zwitterionic charge motif, such as PS B from B. fragilis or the Streptococcus pneumoniae type 1 CP can also induce abscesses in this manner (37) . The presence of positively charged groups on bacterial polysaccharides is rare, and those polysaccharides lacking the zwitterionic charge motif do not possess this activity.
Attempts to define the immunologic events leading to the development of abscesses by B. fragilis have been carried out with athymic or T-cell-depleted animals and suggest that T cells may be required for the induction of this host response (21, 28, 30) . However, the mechanism by which these cells mediate this process is not known. Recently, we have demonstrated that zwitterionic bacterial polysaccharides (Zps) such as PS A and the S. pneumoniae type 1 CP activate human and rat CD4 ϩ T cells in vitro, while bacterial polysaccharides lacking this charge motif did not have this activity (4, 15, 35) . The activity was specific to these carbohydrates and not due to contaminating protein or lipopolysaccharide. T-cell activation in this system required the presence of class II-bearing antigenpresenting cells (APCs) and could be blocked by major histocompatibility complex class II-specific antibody (35) . The strict cell-mediated control of the biologic properties associated with Zps conflicts with the current dogma regarding the immune response to this class of macromolecules and suggested that they have a direct effect on T cells in vivo.
Recent studies have shown that the interaction of CD28 on T cells with its ligands B7-1 and B7-2 on APCs is a major T-cell costimulatory pathway that controls the T-cell response to a variety of antigens (2, 29, 34) . Ligation of CD28 with its counterreceptor B7 promotes cell cycle progression and increases interleukin-2 (IL-2) production by regulating IL-2 mRNA at the level of transcription and translation (9) . The fusion protein CTLA4Ig contains the extracellular domain of CTLA4 (a homologue of CD28) fused to the human immunoglobulin G1 (IgG1) heavy chain (17) and functions to prevent engagement of the CD28-B7 axis. Blocking costimulatory signaling by anti-B7 monoclonal antibodies or the fusion protein CTLA4Ig, which binds with high affinity to B7-1 and B7-2, has been demonstrated to be very effective in inhibiting the immune responses in a variety of autoimmune and transplant models (5, 25, 29) . In these studies, CTLA4Ig had a pronounced effect in reducing the levels of T-cell-and monocyte-derived cytokines and chemokines thought to play a key role in the disease process. Recently a clinical trial with CTLA4Ig in patients with psoriasis has been conducted with encouraging results (1) .
In the present study, we investigated the relationship of T-cell activation by an unusual class of bacterial polysaccharides to the ability of certain bacteria to induce intra-abdominal abscess formation in animals. The results demonstrate that T-cell activation by Zps is mediated by the CD28-B7 pathway and that signaling via this interaction modulates intra-abdominal abscess formation by different bacterial pathogens.
MATERIALS AND METHODS
Bacterial strains and polysaccharide preparations. B. fragilis NCTC 9343, Bacteroides distasonis 8503, and Enterococcus faecium 838970 were obtained from the Channing Laboratory stock culture collection. Staphylococcus aureus PS 80 was a kind gift from Jean Lee, Channing Laboratory. PS A from B. fragilis NCTC 9343 was prepared as previously described (38) . PS A was isolated by hot phenol-water extraction, gel filtration chromatography, and isoelectric focusing. The S. pneumoniae type 1 CP was obtained from the American Type Culture Collection (Manassas, Va.) and treated with 2 M NaOH for 1 h at 80°C to remove the contaminating cell wall polysaccharide, C substance. Following purification by gel filtration chromatography, the polysaccharides were subjected to isoelectric focusing, dialyzed, lyophilized, and stored in 3 M NaCl to prevent aggregation. Polysaccharides were prepared in sterile, pyrogen-free saline for administration to animals.
Animal model for intra-abdominal sepsis and bacterial strains. An animal model for intra-abdominal sepsis was utilized for these studies with some modification (36) . Briefly, male Wistar rats (180 to 200 g; Charles River Laboratories, Wilmington, Mass.) were anesthetized with a single intraperitoneal injection of 0.15 ml of pentobarbital sodium (Nembutal, 50 mg/ml; Abbott Laboratories, North Chicago, Ill.). An anterior midline incision (0.5 cm) was made through the abdominal wall, and 0.5 ml of inoculum was inserted directly into the peritoneal cavity. Inocula for these experiments contained B. fragilis NCTC 9343 (10 8 CFU/rat), a mixture of B. distasonis (5 ϫ 10 7 CFU/rat) and E. faecium (5 ϫ 10 7 CFU/rat), S. aureus PS 80 (10 7 CFU/rat), or 20 g of PS A mixed with rat sterile cecal contents (SCC) as described previously (36) . The dose of S. aureus employed in these studies did not induce mortality in animals (data not shown). SCC are used as an adjuvant for abscess formation and do not induce the formation of abscesses when implanted alone into the peritonea of rats. The incisions were closed with silk sutures, and animals were returned to their cages. Six days later, surviving animals were necropsied and examined for intra-abdominal abscesses by two observers blind to the identity of each group. The presence of one or more abscesses in an animal as defined previously (36) was scored as a positive result.
CD28-B7 studies. Human CTLA4Ig, Y100FIg, and the control L6Ig were from Bristol-Myers Squibb (Princeton, N.J.) (13) . Human CTLA4Ig binds specifically to human or rat B7-1 and B7-2, while Y100FIg binds to human or rat B7-1 only. Binding to B7-2 is undetectable (13) . For all in vivo experiments, CTLA4Ig and Y100FIg were administered at doses that have been shown to inhibit CD28-B7 interactions (26) . The dose of B7-2-specific antibody used in these experiments was given according to the manufacturer's recommendation (see below). Fusion L6Ig was used as a control Ig fusion protein. This molecule has the same Ig heavy chain fused to an irrelevant protein. Rat CD28-, B7-1-, and B7-2-specific monoclonal antibodies (IgG1) were obtained from Pharmingen (San Diego, Calif.). An irrelevant IgG1 antibody was used as a control for these antibodies. A monoclonal antibody specific for CD28 (500 g) that is known to positively signal for T-cell proliferation and IL-2 secretion was selected for use (32) . For animal experiments, all fusion proteins and monoclonal antibodies were administered at the time (T) of challenge (T ϭ 0) unless otherwise designated. For in vitro T-cell proliferation experiments, all fusion proteins were used at a concentration of 50 g/ml, while the monoclonal antibody specific for rat CD28 was used at a concentration of 1 g/ml.
T-cell proliferation assay. For human CD4 ϩ T-cell proliferation assays, cells were obtained from leukopacs (discarded white cells from anonymous platelet donors) as previously described (6, 12) . Mononuclear cells were separated by Ficoll-Hypaque sedimentation to eliminate red blood cells and polymorphonuclear leukocytes (PMNs). The mononuclear layer, which consisted of T cells, B cells, and mononuclear cells, was depleted of B cells and monocytes by passage over a nylon wool column. Nylon-passed cells, which were greater than 98% CD3 positive (as determined by fluorescence-activated cell sorter [FACS] analysis), were used as responder cells or further depleted with antibodies to CD8 (OKT8) followed by negative selection with magnetic beads as described previously (6, 12) . A portion of these cells was saved prior to placement on nylon wool and were used as autologous feeder cells following irradiation with 6.4 kilorads with a cesium source for 4.8 min. Responder cells (5 ϫ 10 4 cells/well) were added to 2.5 ϫ 10 5 irradiated feeder cells and cultured in U-bottom 96-well plates (Corning-Costar Corp., Cambridge, Mass.) with RPMI 1640 and 5% fetal calf serum. S. pneumoniae type 1 CP was added to wells at a concentration of 20 g/ml. At 6 days postculture, cells were pulsed with 1 Ci of [ 3 H]thymidine/well 6 h prior to harvest in order to measure cell proliferation. Cells were washed extensively and harvested, and the amount of radioactive uptake was counted by liquid scintillation. Data were expressed as the average of triplicate wells Ϯ the standard deviation of counts per minute represented. For all proliferation experiments, data represent typical results from at least five different experiments. For blocking experiments, fusion proteins were added at a concentration of 50 g/ml. For in vitro experiments with the monoclonal antibody specific for rat CD28, a proliferation assay was employed as previously described using rat CD4 ϩ T cells (4) . Splenic T cells were purified by passage over nylon wool columns, depleted of CD8 ϩ T cells, and cocultured with an equal number of irradiated splenocytes (1.5 kilorads). Cells were cultured with S. pneumoniae type 1 CP (20 g/ml) alone or in the presence of the CD28-specific antibody (1 g/ml) or an isotype-matched murine antibody (IgG1) for 4 days.
T-cell transfer and abscess induction. T-cell transfer studies in which rat CD4 ϩ T cells were stimulated with the S. pneumoniae type 1 CP (20 g/ml) alone or in the presence of CTLA4Ig or L6Ig were performed. Rat T cells were cultured in vitro with irradiated APCs as described above in the presence of S. pneumoniae type 1 CP alone or with the appropriate fusion protein (50 g/ml). Cultures were harvested after 4 days, and T cells were isolated by repeated nylon wool passage. FACS analysis showed that respective cell populations were Ͼ95% pure. The enriched T-cell population was implanted (10 6 cells/animal) into the peritoneal cavities of animals through a 0.5-cm-long midline incision. Shortly thereafter, 0.5 ml of SCC was placed into the peritoneal cavities of animals as described above.
Statistical evaluation. Comparison of groups with regard to abscess formation was made by chi-square analysis. Comparison of in vitro T-cell proliferation data was made by the unpaired t test. Statistical analysis was performed by commercially available software (InStat; GraphPad Software, Inc., San Diego, Calif.).
RESULTS
Effect of CTLA4Ig treatment on abscess induction following bacterial challenge. We first investigated the effect of CD28-B7 blockade on abscess formation induced by challenge with different bacterial inocula. Animals were treated with CTLA4Ig and challenged with B. fragilis and SCC. Significantly fewer animals receiving this treatment developed abscesses than in the saline-treated control group (Table 1; 27% compared with 73%, respectively; P ϭ 0.002).
Similar studies were performed using a heterologous challenge inoculum consisting of the synergistic combination of B. distasonis and E. faecium. Treatment with CTLA4Ig reduced abscess formation from 82% in the saline-treated control group to 28% (Table 1 ; P Ͻ 0.0001). Finally, treatment of animals with CTLA4Ig reduced the incidence of abscesses following challenge with S. aureus. All animals treated with saline and challenged with this organism had abscesses, while CTLA4Ig-treated animals had a 20% abscess rate (P ϭ 0.001).
Delayed administration of CTLA4Ig. To determine the effect of delayed CTLA4Ig administration, treatment was delayed by 24 or 48 h relative to challenge with B. fragilis. Animals given treatment at the time of challenge (as described above) had a 22% abscess rate compared with 80% for the saline-treated control group (P Ͻ 0.03; data not shown). Delay of treatment by 24 h resulted in an increase in abscess formation (60%; not statistically significant), while administration of CTLA4Ig 48 h following challenge yielded an abscess rate of 88%, which was comparable to that for the saline-treated control group. Effect of CTLA4Ig treatment on abscess induction by PS A and S. pneumoniae type 1 CP. Animals were treated with 500 g of CTLA4Ig via the intracardiac route and immediately challenged with 20 g of PS A or the S. pneumoniae type 1 CP mixed with SCC. The results are shown in Table 2 . Treatment with CTLA4Ig reduced abscess formation by PS A from 71% in the saline-treated control group to 23% (P ϭ 0.004). CTLA4Ig-treated animals challenged with the S. pneumoniae type 1 CP had an abscess rate of 23% compared to 88% in the saline-treated control group (P ϭ 0.0002). Administration of the fusion protein control (L6Ig) did not have an effect (abscess rate ϭ 80% in animals challenged with PS A).
Role of B7-1 and B7-2 in abscess induction. The contribution of B7-1 and B7-2 to abscess formation was investigated. The results are shown in Table 3 . Treatment of animals with Y100FIg, a fusion protein that binds to and blocks B7-1 but not B7-2, did not reduce the incidence of abscesses following challenge with B. fragilis (abscess rate ϭ 90%). However, administration of a B7-2-specific monoclonal antibody completely prevented abscess formation (P ϭ 0.0001 compared to the saline-treated control group). Treatment with the fusion protein control (L6Ig) or an isotype-matched control did not have this effect.
Potentiation of abscess formation by CD28 signaling. The role of CD28 in abscess formation was determined. A monoclonal antibody specific for CD28 that has been shown to provide a positive signal for T-cell activation in the absence of B7 ligation (32) was administered to animals at the time of challenge with B. fragilis and SCC. The CD28-specific antibody (500 g) was administered via the intracardiac route. A suboptimal dose of B. fragilis (5 ϫ 10 7 CFU/animal) that induces abscesses in approximately 50% of animals was employed. Results are shown in Table 4 . Animals receiving saline and challenged with B. fragilis had a 42% abscess rate, while 83% of animals receiving the antibody specific for CD28 had abscesses. The administration of the monoclonal antibody significantly increased the number of animals with abscesses compared to the corresponding number for the saline control group (P Ͻ 0.02).
In vitro modulation of polysaccharide-induced T-cell activation by CD28-B7 costimulation. The effect of CD28-B7 blockade with CTLA4Ig on human CD4
ϩ T-cell proliferation in vitro by a PS A polysaccharide mimetic, S. pneumoniae type 1 CP, was determined. This polysaccharide has a charge motif similar to that of PS A and exhibits the same biologic properties. Both PS A and the S. pneumoniae type 1 CP induce abscess formation in animals (37) and stimulate human T-cell activation in vitro (35) . In vitro CD4
ϩ T-cell assays in which the impact of CTLA4Ig or L6Ig on T-cell activation by the S. pneumoniae type 1 CP was assessed were performed. Results are shown in Fig. 1 . The addition of 50 g of CTLA4Ig/ml significantly reduced T-cell activation by S. pneumoniae type 1 CP (P Ͻ 0.006 compared with the saline control), while similar treatment with the control Ig did not have an effect. Further in vitro experiments demonstrated that addition of a monoclonal antibody specific for B7-2 inhibited T-cell activation, while addition of Y100FIg or a monoclonal antibody specific for B7-1 did not (data not shown).
Similar rat CD4 ϩ T-cell proliferation experiments using the monoclonal antibody specific for CD28 were performed. Ad- b A dose of 500 g/ml was administered via the intracardiac route.
FIG. 1. Effect of CTLA4Ig on polysaccharide-mediated CD4
ϩ T-cell proliferation in vitro. Addition of CTLA4Ig (50 g/ml) to human T cells and irradiated APCs cultured with the S. pneumoniae type 1 CP (20 g/ml) for 6 days resulted in a significant decrease in activity (P Ͻ 0.006 compared with the saline control ‫.)]ء[‬ Addition of L6Ig at a similar concentration did not have this effect. Error bars indicate standard deviations. dition of this antibody (1 g/ml) to rat T-cell cultures resulted in enhanced proliferation of the T-cell response to S. pneumoniae type 1 CP compared to an isotype-matched Ig control (Fig. 2) . The increase in the proliferative response to the S. pneumoniae type 1 CP in the presence of the CD28-specific antibody was approximately three times greater than the response in the presence of control antibody (P Ͻ 0.002).
Effect of in vitro CD28-B7 blockade on abscess induction. The effect of polysaccharide-induced T-cell activation on abscess formation in the animal model of intra-abdominal sepsis was evaluated. In these studies, naïve rat CD4 ϩ T cells were stimulated in vitro for 4 days with S. pneumoniae type 1 CP and transferred to rats through a midline abdominal incision into the peritoneal cavity. Shortly following implantation of stimulated T cells, 0.5 ml of SCC was added to the peritoneal cavity and the incision was closed. Results are shown in Table 5 . All animals implanted with T cells cultured with S. pneumoniae type 1 CP formed abscesses compared with animals given T cells cultured with medium alone (14% abscess rate; P Ͻ 0.0014). The transfer of S. pneumoniae type 1 CP-stimulated T cells cultured in vitro in the presence of CTLA4Ig did not induce abscess formation (0% abscess rate; P Ͻ 0.0002). Culture of these cells with the fusion protein control, L6Ig, had little effect on their ability to induce abscesses (abscess rate ϭ 75%). None of the animals challenged with the SCC alone formed abscesses (data not shown).
DISCUSSION
Previous reports have suggested that T cells are involved in the pathogenesis of abscess formation; however, the underlying mechanism by which these cells contribute to this process remains unclear (21, 28, 30) . Recently, we have shown that abscess-inducing polysaccharides from B. fragilis can stimulate rat and human CD4 ϩ T-cell activation in vitro (4, 15, 35) . These studies have shown conclusively that T-cell activation by these and other bacterial polysaccharides that have both positive and negative charges is specific to the Zps tested and is not due to contaminating proteins or lipopolysaccharide (35) . This activity required the presence of class II-bearing APCs. Based on these findings, we hypothesized that T-cell activation by Zps, possibly mediated by costimulatory signals provided by APCs, was a critical step in the pathogenesis of intra-abdominal abscess formation.
In order to investigate this question, we utilized fusion proteins and antibodies that specifically inhibit T-cell activation through the blockade of the CD28-B7 costimulatory pathway. CTLA4Ig, a fusion protein that has been demonstrated in a number of recent studies (25, 29) to effectively block CD28-B7 interactions, was used to treat animals just prior to challenge with different abscess-inducing inocula. Treatment with CTLA4Ig in this manner significantly reduced the incidence of abscesses following challenge with polysaccharides that induce abscesses (PS A and the S. pneumoniae type 1 CP), B. fragilis, S. aureus, or a combination of B. distasonis and E. faecium.
It has been shown that the capsular polysaccharides of B. fragilis are responsible for experimental abscess induction by this organism (37) . However, it was surprising that CTLA4Ig treatment prevented abscess formation by S. aureus or the B. distasonis-E. faecium inoculum. These organisms are associated with clinical cases of intra-abdominal abscesses (3), and preliminary data suggest that the capsular polysaccharides from S. aureus type 5 and 8 strains also induce intra-abdominal abscesses in the rat model (A. O. Tzianabos et al., unpublished data). While it is known that E. faecium possesses surface polysaccharides (14) and that B. distasonis does not, it is unclear how these organisms synergize to produce abscesses. Demonstration that CTLA4Ig treatment of animals prevented abscess formation by abscess-inducing polysaccharides or these distinct pathogenic bacteria indicated that surface polysaccharides and possibly other factors associated with these organisms mediate abscess formation through a common mechanism that involves T-cell activation via the CD28-B7 pathway. These data also indicate that T-cell costimulation is one of the necessary signals for T-cell activation by these zwitterionic polysaccharides.
The finding that the B7-2-specific antibody prevented abscess formation while the B7-1-specific fusion protein did not is intriguing. This result corroborated our finding that T-cell activation by Zps is mediated by B7-2 but not B7-1 and supports our contention that the development of this host response is completely dependent on CD28-B7-2 interactions. It has been demonstrated that B7-2 expression following antigenic stimulation occurs within 6 h and rises to higher levels while maximal B7-1 expression occurs between 18 and 24 h (2, 11, 16) . This correlates with our finding that delaying the administration of CTLA4Ig by 24 or 48 h following bacterial challenge resulted in a distinct loss of protective efficacy and indicates that the process leading to the development of abscesses is initiated shortly following bacterial challenge. Recent studies have demonstrated differential requirements for B7-1 and B7-2 in mediating T-cell-dependent host responses. The antibody response to a group C meningococcal capsular polysaccharideporin conjugate vaccine is inhibited by antibodies to B7-2 but not B7-1 (19) . In another report, blockade of B7-1 with Y100FIg did not affect antibody production, cytotoxic precursors, or clearance of influenza virus but did influence lung effector function in mice. These results suggested that B7-1 is important for some immune responses to the virus in the lung but not in others (18) . The role of CD28 on T cells in the development of abscesses was demonstrated. In these experiments, animals treated with a CD28-specific monoclonal antibody (which is known to provide a positive costimulatory signal leading to T-cell proliferation and IL-2 secretion [32] ) had a significantly higher abscess rate than those receiving saline. These results confirmed that the CD28-B7 costimulatory pathway is definitively involved in the regulation of abscess formation. Furthermore, because CD28 is present exclusively on T cells, direct evidence for its involvement was confirmed. The finding that CTLA4Ig and the CD28-specific signaling antibody could downregulate or upregulate abscess formation, respectively, showed that T-cell activation is a critical step leading to this host response.
Due to the limited availability of PS A, the S. pneumoniae type 1 CP was used for T-cell proliferation assays in the present studies. Each of these polymers induces experimental abscess formation and activates human and rat CD4 ϩ T cells in vitro (4, 35) . The T-cell response from inbred rats to Zps is typically lower than that of human T cells but is more consistent (4). Zps-mediated T-cell activation requires the presence of APCs and can be inhibited in vitro by the addition of major histocompatibility complex class II-specific monoclonal antibodies (35) . In the present study, blockade of the CD28-B7 pathway by CTLA4Ig inhibited T-cell activation by the S. pneumoniae type 1 CP, while antibody-mediated signaling of this molecule resulted in a threefold increase in T-cell proliferation.
The mechanism by which Zps activate CD4 ϩ T cells is not known, and currently it is unclear whether they behave as superantigens, mitogens, or conventional antigens. Since studies have shown that engagement of different costimulatory pathways leads to markedly different T-cell responses (7, 20, 31, 42) , it is important to ascertain whether a requirement for costimulation exists and determine the type(s) of costimulatory pathways that is involved in Zps-mediated T-cell activation. In the present study, the biologic role of T-cell activation via CD28-B7-2 by Zps was determined in T-cell transfer experiments in which rat CD4 ϩ T cells were stimulated in vitro with the S. pneumoniae type 1 CP and implanted into the peritoneal cavities of animals along with SCC. T cells activated by the polysaccharide induced abscess formation, while coculture of these cells with CTLA4Ig resulted in the prevention of their ability to transfer abscess formation to animals.
It is important to note that activated T cells transferred without the addition of SCC did not form abscesses in these experiments. The role of SCC in the animal model may be explained by the fact that intraperitoneal administration of this material alone elicits tumor necrosis factor alpha (TNF-␣) and IL-␤ (A. Tzianabos, unpublished results). Previously, we have shown that the release of TNF-␣ from resident peritoneal macrophages upregulates intracellular adhesion molecule 1 on mesothelial cells lining the abdominal cavity and leads to increased adherence of infiltrating PMNs (8) . Therefore, it is possible that administration of SCC along with bacteria or activated T cells serves as a necessary adjuvant for abscess formation by upregulating the proinflammatory response. This scenario is similar to the role of Freund's adjuvant in the induction of experimental autoimmune encephalomyelitis (EAE) by myelin basic protein (33) . However, unlike what is found for Freund's adjuvant in EAE, the use of SCC in the peritoneal cavity results in a course of events that closely resembles the one (i.e., spillage of colonic contents into the peritoneal cavity) that leads to abscess formation in human disease.
Recently, we have shown that CD4 ϩ T cells activated by Zps in vitro or in vivo prevent abscess formation when these cells are administered (without adjuvants) via the intracardiac route 24 h prior to intraperitoneal challenge with B. fragilis (35) . This process is mediated by the production of IL-2 by these cells (39) . At the present time it is unclear why CD4 ϩ T cells activated by Zps can both induce and prevent abscesses. We hypothesize that factors such as the route of administration of T cells (intracardiac versus intraperitoneal) and administration with SCC are responsible for these paradoxical outcomes. Our preliminary data suggest that, in addition to the production of IL-2, T cells stimulated by Zps produce chemokines that could act in concert with proinflammatory cytokines elicited by SCC in the peritoneal cavity to recruit PMNs to this site. Infiltrating PMNs could then readily bind to the activated peritoneal mesothelium to form a suitable nidus for abscess formation.
While the role of T-cell costimulation has been studied extensively in autoimmune diseases and models of transplantation, more recent studies have focused on its role in modulating the immune response to infectious diseases. This work has shown that CD28-B7 interactions have a prominent role in governing the host immune response to parasitic and bacterial infections (10, 24, 27, 40, 41, 43) . The goal of the present work was to determine the specific role of T cells in intra-abdominal abscess formation. Using reagents that have been developed to study T-cell costimulation, we demonstrate that abscess-inducing Zps promote this host response via activation of CD4 ϩ T cells requiring a "second signal" provided by APCs. This signal is initiated by CD28-B7-2 interactions and regulates abscess formation by both gram-positive and gram-negative pathogens. Further study to elucidate how this host response is controlled at the molecular level is under way.
